Natural radiative lifetimes of the states in the highly perturbed Sd' np P sequence in neutral gold, Au i, for n =6-9, as well as of four of the perturbing 5d 6s6p P states, have been measured. This was done by direct excitation from the ground state with short-pulse vacuum-ultraviolet laser light and time-resolved detection of the laser-induced fluorescence.
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We found the lifetimes to be +6p Pl/2) =6. 2(2) ns, &6p P3/2) =4. 7(2) ns,~7p Pl/2) =6. 4(7) ns,~7p P3/2) 5.3(7) ns, &8p P&/2)=63(3) ns, &Sp P3/2)=24(2) ns, &9p P&/&)=28(2) ns, and r(9p P3/&)=75 (4) a rare-gas discharge [3] , level-crossing spectroscopy [4] , by electronic-beam excitation [5] , and by beam-foil excitation [6] .
Only recently it has become possible to use nonlinear efFects in crystals and gases to produce tunable radiation with relatively high power in the vacuum-ultraviolet (vuv) region. The vuv laser system at the Lund HighPower Laser Facility is capable of producing short (7 The experimental setup used in the present experiment is shown in Fig. 2 . Since it has been described in detail elsewhere [7, 8] The output from the DCM dye laser was frequency doubled in a potassium dihydrogen phosphate (KDP} crystal and mixed with the fundamental radiation in a Pbarium borate (BBO} crystal to produce the third harmonic at 212.554 nm, having an energy of approximately 5 mJ. The output from the other laser -a dye laser or a Ti:sapphire laser -was frequency doubled in a KDP crystal.
The vuv light was conducted through vacuum tubes to the target area to cross a gold atomic beam at right angles. The atomic beam was produced by heating pure gold in a ceramic oven to a temperature of about 1100'C.
As some of the states in the P sequence have lifetimes comparable to the duration of the laser pulse, we have also used another laser system that produces considerably shorter pulses. Thus the 6p P states were excited by 70-ps pulses with near Fourier-limited bandwidth. These short pulses were obtained by pumping a dye laser with a distributed feedback oscillator [9] , which was pumped by a picosecond mode-locked Nd:YAG laser. A detailed description of this laser system will be given separately [10] . [3] in an experiment similar to ours; however, gold atoms were produced by sputtering in a rare-gas discharge. Also the results obtained in the level-crossing experiment [4] for the 6p P3/2 state agree very well with ours, whereas the method of electron-beam excitation [5] seems to give too large values for the lifetimes. The beam-foil data [6] (2) 6.4 (7) S.3(7) 63 (3) 24 (2) 28 (2) 75 (4) Lit. data 6.0(1) [3] , 7.4(7) [5] , 7.4(15) [6] 4.6(2) [3] [3] . Reference [3] . ' Reference [12] . Reference [13] .
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This work was supported by the Swedish Natural Science Research Council. tained by Hannaford, Larkins, and Lowe [3] for the branching ratios of these two transitions, and the uncertainties given are obtained from b f/f =lLR /R+hr/r, with b,R taken from [3] . The results obtained by Migdalek and Baylis [13] [14] .
Gold is one of the few heavy atoms with a relatively simple electronic structure, in which most of the bound states form Rydberg series. The combination of this with large relativistic effects and strong electron correlation can make it an excellent test case for a large-scale relativistic calculation, that will be of fundamental methodical interest. We hope that the data presented in this work, showing the perturbation of the (5d)'onp P series in atomic gold through extremely short lifetimes, will spur such calculations.
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